Background: Few studies have examined associations of geographically proximal cigarette prices with within-person changes in smoking outcomes or assessed interactions between cigarette prices and smoking bans. Methods: We linked neighborhood cigarette prices (inflationadjusted) at chain supermarkets and drug stores and bar/restaurant smoking ban policies to cohort participants (632 smokers from the Multi-Ethnic Study of Atherosclerosis, 2001-2012, baseline mean age 58 years) using geocoded retailer and participant addresses. We used fixed-effects models to investigate associations of within-person changes in price and ban exposures with within-person changes in five smoking outcomes: current smoking, heavy (≥10 cigarettes) smoking, cessation, relapse, and intensity (average number of cigarettes smoked per day, natural log transformed). We assessed intensity associations among all smokers, and heavy (≥10 cigarettes per
day) and light (<10) baseline smokers. Finally, we tested interactions between cigarette price and bans. Results: A $1 increase in price was associated with a 3% reduction in risk of current smoking (adjusted risk ratio [aRR] : 0.97; 95% confidence interval [CI] = 0.93, 1.0), a 7% reduction in risk of heavy smoking (aRR: 0.93; CI = 0.87, 0.99), a 20% increase in risk of smoking cessation (aRR: 1.2; CI = 0.99, 1.4), and a 35% reduction in the average number of cigarettes smoked per day by heavy baseline smokers (ratio of geometric means: 0.65; CI = 0.45, 0.93). We found no association between smoking bans and outcomes, and no evidence that price effects were modified by the presence of bans. Conclusions: Results underscore the importance of local prices, but not hospitality smoking bans, in influencing older adults' smoking behaviors.
(Epidemiology 2017;28: 863-871) C igarette smoking remains a major public health problem in the United States, resulting in approximately 480,000 deaths per year from chronic diseases. 1 Smoking prevalence has declined over time; however, an estimated 15% of US adults smoked as of 2015. 2 Reductions in smoking prevalence have been attributed in part to excise tax policies that increase cigarette prices 3 and, consequently, the economic cost of smoking. "Excise taxes" are indirect taxes levied on tobacco producers/vendors under the assumption that additional costs will be passed to consumers. In the United States, excise taxes have been levied at the federal, state, and local levels and have increased over time. Prior studies found that excise taxes encourage smoking cessation and reduce cigarette consumption, 3 with price elasticities of −0.1 to −0.6 indicating that a 10% increase in price would reduce per capita tobacco consumption between 1% and 6%. [3] [4] [5] [6] [7] Most prior studies of cigarette prices/taxes and smoking outcomes have used repeat cross-sectional data such as nationally representative surveys to assess price elasticity or changes to smoking prevalence. [5] [6] [7] [8] [9] [10] [11] [12] However, longitudinal cohorts are better suited to examine associations of cigarette prices with within-person changes in smoking behavior. In addition, few studies have used data at a smaller geographic scale to assess associations 5, 8, 9, [11] [12] [13] However, several prior studies found substantial variation in cigarette prices within states and counties. [14] [15] [16] In addition, prior work suggests geographically proximal exposures may be important determinants of smoking behavior-e.g., individuals who lived closer to stores licensed to sell tobacco were less likely to quit smoking than those living farther away. 17, 18 Thus, the tobacco retail environment near peoples' homes may have a meaningful impact on their smoking behavior, and local cigarette prices may better reflect the prices to which they are exposed than state-level averages.
Tobacco tax increases are only one of several macrolevel tobacco control strategies that have been implemented in the US. Legislation banning smoking in indoor public places, such as bars and restaurants, has become increasingly common. 1, 19 Smoking bans in hospitality venues may reduce smoking by both limiting the social situations in which people smoke and by changing social norms related to smoking. 20 While prior studies have found that smoking bans reduced smoking prevalence among US adults, [21] [22] [23] [24] these studies often included only a single city. 21, 22, 24 In addition, few studies have examined whether there is a synergistic interaction between cigarette prices and smoking ban policies. 25 This is an important question as policymakers are increasingly turning to multicomponent, comprehensive tobacco control strategies. 21, 22, 24 To address these knowledge gaps, we linked a commercial dataset of cigarette prices from chain grocery and drug stores to longitudinal individual-level data from the MultiEthnic Study of Atherosclerosis (MESA) to evaluate the association of geographically proximal cigarette price exposures with smoking outcomes. Specifically, we assessed the association of changes in cigarette price with within-person change in the risk of current smoking, heavy smoking, cessation, relapse, and change in the number of cigarettes smoked per day. Finally, we examined the main effect of bar and restaurant smoking ban legislation in this cohort and assessed whether price associations differed by exposure to bans.
METHODS

Price Data
Cigarette pricing data came from Information Resources Inc. (IRI, Symphony Technology Group, Chicago, IL) Academic Dataset, a panel of large chain supermarkets and drug stores covering 41 states and 47 US market regions. 26 The current study includes 896 stores in 19 states. IRI compiled weekly prices and sales data for cigarette products from 2001 to 2011. While cigarette prices were available for all Universal Produce Codes sold at each store, we restricted the sample to the most frequently sold items to reduce variation in price due to varying cigarette lengths and package sizes: single packs of king-sized and long-sized cigarettes (comprising 99% of sales). Cigarette prices included excise taxes but not sales tax.
Adapting methods developed by others, 27 dollar and unit sales were aggregated from Universal Product Codes to standardized brand names at each store location. Brand-level dollar and unit sales were used to create weights reflecting the proportion of sales made up by each brand at that store over the entire study period. These weights were used to calculate the weighted average price of a pack of cigarettes at each store in each week, accounting for varying sale volumes of different brands. All prices were inflated to 2010 dollars based on the US Bureau of Labor and Statistics Consumer price index.
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Study Population
The study population was the Multi-Ethnic Study of Atherosclerosis, a longitudinal cohort of 6814 adults 44-84 years of age and free of cardiovascular disease at enrollment. Participants were sampled from six US sites (Los Angeles, CA; Manhattan and Bronx, NY; St. Paul, MN; Chicago, IL; Baltimore, MD; and Forsyth County, NC), and the baseline exam was conducted in 2000-2002. Four follow-up exams were conducted between 2002 and 2012 (retention rates: 92% at year 2, 89% at year 3, 87% at year 5, and 76% at year 10). The Institutional Review Board at each site approved the study, and all participants provided informed consent. The MESA Neighborhood Study was an ancillary study to MESA that included 6191 participants (91% of the baseline sample). All residential addresses from baseline through year 10 were geocoded. We excluded participants who were missing data on smoking outcomes (N = 53) and key covariates (N = 33) and with low geocoding accuracy (not at street level or zip+4 centroid level, N = 23). In addition, we included only participants who had at least one store from the IRI dataset within a 3-mile buffer of their residence at a given exam (N = 4,884). A 3-mile buffer was chosen because prior research indicates smokers are willing to travel up to 3 miles to save $1 on a pack of cigarettes. 29 Similarly, food and alcohol purchasing studies indicate that 2-3 miles is a typical distance people travel to purchase these products. [30] [31] [32] [33] Using a 3-mile buffer retained a high proportion of the study population (>70%) and did not drastically alter the demographic composition of the study sample (eTable 1; http://links.lww.com/EDE/B254). We included data from all five exams, and included all personyears of data meeting eligibility criteria (e.g., if a participant had a store from the dataset within the 3-mile buffer for exams 1-2 but then moved to an area with no included stores for exams 3-5, only their data from exams 1-2 would be included). In addition, we confirmed that results were generally insensitive to alternate buffer sizes (5 and 2 miles; eTable 2; http://links.lww.com/EDE/B254).
In this analysis, we focused on longitudinal models examining smoking behavior changes in the cohort. As such, we included only those participants who reported smoking at some point during follow-up, as only these participants had the opportunity to have a smoking behavior change. This resulted in a final sample size of 632 participants with 2342 exam years.
Linkage of Cigarette Prices to MESA Participants
We linked cigarette prices to MESA participants using the following steps: first, all stores in the IRI dataset within a 3-mile radius of each MESA participant's residence at each exam date were identified. Then, for each participant at each exam, we calculated a 12-month exposure period that ended on the exam date. For each participant at each exam, we calculated the average cigarette pack price at each store by extracting weekly prices from all weeks in that 12-month exposure period and calculating the average. At each exam, each participant was assigned a price value reflecting the average price of a pack of cigarettes across all stores within a 3-mile buffer of their residence.
Outcomes
Outcomes included current smoking, cessation, relapse, and intensity. Smoking status was assessed using the following questions: "Have you smoked at least 100 cigarettes in your lifetime?" and "Have you smoked cigarettes in the last 30 days?" 34, 35 We dichotomized smoking status to current smoker versus noncurrent smoker. We then defined "smoking cessation" as reporting being a nonsmoker at a later exam subsequent to reporting current smoking at the last exam. "Smoking relapse" was defined as former smokers reporting current smoking at a later exam subsequent to reporting not currently smoking at an earlier exam. "Smoking intensity" was assessed by asking "On average, how many cigarettes a day do/did you smoke?" We coded intensity to 0 at exams where participants reported not currently smoking. Smoking intensity was evaluated as a natural log-transformed continuous variable due to a skewed distribution. In addition, smoking intensity was dichotomized to at least half a pack (≥10 of cigarettes per day, i.e., "heavy" smoking) versus less than 10 cigarettes per day. This threshold aligned with the distribution of the data (mean was approximately 10), facilitated interpretation of interactions, and has been used by others to indicate heavier smoking in older populations.
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Other Variables of Interest
Time-invariant covariates included gender, race/ethnicity (White, African American, Hispanic, and Chinese), and education (categorized as high school or less, some college/technical school/Associate's degree, Bachelor's degree or higher). Time-varying covariates collected at each exam included years of follow-up since baseline, age, marital status (married/living with partner vs. unmarried), employment status (employed vs. unemployed/retired), alcohol use (current vs. noncurrent/never), and income (converted from a 13-category item with categories ranging from <$5,000 to >$100,000 to a continuous variable based on the midpoint of each category). Income was inflated to 2010 US dollars and divided by the number of members of the household to reflect inflation-adjusted per capita income. We tested sensitivity to the inclusion of an index that accounted for both income and wealth, and results were the same.
Area-level variables included state of residence and neighborhood socioeconomic status (SES), which was evaluated at each exam as a composite measure created by summing z-scores from several census variables: log median housing value, percent with a high school education, percent with a bachelor's degree, percent in a managerial occupation, log median household income, and percent with interest/dividend income. 38 A higher score indicated higher neighborhood SES.
Smoking Ban Exposures
Local, county, and state smoking ban laws came from the American Non-Smokers Rights Foundation (ANRF) Local Ordinance Database, 39 a comprehensive dataset of all state-, county-, and city-level 100% smoking bans in the United states. The "100% smoking ban" indicated that legislation prohibited smoking in a given venue category with no exceptions. We focused on laws prohibiting smoking in restaurants and bars because survey data indicate that many nonhospitality workplaces voluntarily banned indoor smoking well in advance of legislation banning smoking in all nonhospitality workplaces. 40 Participants were assigned to smoking ban exposure status at each MESA exam date based on their current census block group of residence. State-county-block group Federal Information Processing Standard (FIPS) codes were assigned to census place names (via the Missouri Census Data Center's MABLE/Geocorr Geographic Correspondence 41 ) and then place names and state/county FIPS codes were linked to state, county, and city smoking bans in the ANRF database. We assigned smoking ban exposure status (exposed vs. unexposed) based on a 1-year lag to ensure that policy changes preceded outcome measurement.
Statistical Analysis
We examined the distribution of cigarette prices, smoking outcomes, and sociodemographic characteristics of the study sample over the 10-year study period. To estimate the association of an increase in cigarette prices with withinperson changes in smoking behaviors, we used longitudinal models with participant fixed effects. Fixed-effects models treat each individual as his/her own control by including the individual as a stratum in the model. [42] [43] [44] Estimates are then averaged across individuals to estimate the association of within-person change in an exposure with within-person change in the outcome. This approach uses only within-person variation to estimate associations and thus controls for all time-stable, individual-level characteristics, both observed and unobserved. 42 For the four binary outcomes (current smoking, heavy smoking, quitting, and relapse), we used conditional modified Poisson fixed-effects models to estimate the relative risk of these outcomes associated with a $1 increase in cigarette price. We chose modified Poisson over logistic regression because odds ratios may provide biased estimates of relative risk when the outcome is not rare. 45 Conditional fixed-effects models condition on the individual and include only participants who have a change in the exposure and outcome during follow-up 42, 46 ; thus, the number of participants included in the model differed for each outcome (current smoking: N = 578; heavy smoking: N = 344; cessation: N = 238; and relapse: N = 109). For smoking intensity, we used linear fixed-effects models to estimate the average change in ln(number of cigarettes smoked per day) associated with a $1 increase in cigarette price. Regression coefficients were then exponentiated to facilitate interpretation and reflected the percent change in the average number of cigarettes per day. We examined this outcome in all smokers (N = 632), and then separately in heavy baseline smokers (those who reported smoking ≥10 cigarettes per day at their first exam, N = 326) and light baseline smokers (<10 cigarettes per day, N = 306) to assess whether associations differed by level of baseline smoking intensity.
Fixed-effects model building followed recommended practice. 42 Fixed-effects models control for measured and unmeasured time-invariant covariates through the subject fixed effects; thus, we adjusted models for time-varying covariates only: marital status, employment status, income, alcohol use, and neighborhood SES. For all adjusted analyses, results were virtually identical before and after adjustment for SES, thus main results include neighborhood SES (eTable 3; http://links.lww.com/EDE/B254). In a sensitivity analysis, we also adjusted for the number of stores each participant had in their neighborhood in each year, and found results to be unchanged. Secular time trends were adjusted for by including time since baseline (years) to the model. As descriptive analysis indicated potential nonlinearity in cessation and relapse over time, we also considered a quadratic term (years squared) in all models to provide more robust control for secular trends. This term was retained for cessation and relapse (P < 0.001), but not for other outcomes as results were unchanged with inclusion of the quadratic term. In sensitivity analyses, we used dummy variables for exam year rather than a linear time trend to explore more robust adjustment for secular trends in smoking (eTable 4; http://links.lww.com/EDE/B254). Interactions between time-invariant characteristics (sex, race, and study site) and time were tested and retained if P for interaction ≤0.05. 42 Race × time interactions were retained in models for quitting, and sex × time interactions were retained in heavy smoking and smoking intensity models. Standard errors were clustered by participant. In sensitivity analyses, we considered clustering at higher levels (census tract, county, and state) and found results to be similar, so only results where standard errors were clustered by participant are reported.
Subsequently, we repeated these models and added timevarying smoking ban exposure (exposed vs. unexposed) as an independent variable to determine the independent associations of price and smoking ban policy exposures with outcomes. In these models, the effective sample size was smaller than for the price models as fewer participants had a change in both exposure and outcome (current smoking: N = 313; heavy smoking: N = 185; cessation: N = 152; relapse: N = 62). To evaluate whether cigarette prices had a stronger association with smoking outcomes in combination with bar and restaurant smoking ban policies, we tested interactions between cigarette price and smoking ban exposure in addition to examining stratification by exposure status. All analyses were completed using Stata version 13.1 (StataCorp, College Station, TX). Table 1 describes characteristics of the study population over 10 years of follow-up (mean follow-up length: 7.0 years). The average number of cigarettes smoked per day declined from 11.4 to 8.1. The percent of smokers quitting since the past exam increased from 12% in year 2 to 22% in year 10. The average price of a pack of cigarettes at stores in a 3-mile buffer of participants' residences was $4.74 at baseline (range: $3.28-$5.82) and $6.74 (range: $4.18-$11.09) at year 10 ( Table 2 ). An overall $2 average inflation-adjusted increase aligns with other reports. 47, 48 The number of stores within the buffer remained fairly constant over time (median: 4 or 5; range: 1-34). Prices varied both within and between study sites; the ranges were typically widest in year 10. At baseline, 15% of participants lived in areas with a bar/restaurant smoking ban, which increased to 96% by year 10.
RESULTS
Longitudinal Associations of Cigarette Pack Price
In adjusted fixed-effects models (Table 3) , a $1 increase in cigarette price over the follow-up period was associated with a weak reduction in the risk of current smoking (3% reduction; risk ratio [RR]: 0.97; 95% CI = 0.93, 1.0), adjusted for timevarying sociodemographic characteristics and neighborhood socioeconomic status. Stronger associations were found for heavy smoking and cessation: a $1 increase in price over the follow-up period was associated with a 7% reduction in the risk of heavy smoking (RR: 0.93; 95% CI = 0.87, 0.99) and with a 20% increase in the likelihood of smoking cessation (RR: 1.2; 95% CI = 0.99, 1.4). There was no clear association of price increase with smoking relapse (RR: 0.90; 95% CI = 0.62, 1.3). Adjustment for smoking bans had little impact on these estimates.
Among all smokers, the average change in ln(number of cigarettes smoked per day) associated with a $1 increase in price was −0.21 (95% CI = −0.49, 0.06) in the fully adjusted model ( Table 4 ). The exponentiated coefficient reflects the ratio of geometric means (0.81; 95% CI = 0.61, 1.1) and can be interpreted as a 19% reduction in the average number of cigarettes smoked per day per $1 increase. We found a stronger association among heavy baseline smokers (ratio of geometric means: 0.65; 95% CI = 0.45, 0.93) indicating a 35% reduction.
Bar and Restaurant Smoking BansIndependent and Interactive Associations
although the confidence interval was wide (Table 3 ; RR: 0.95; 95% CI = 0.82, 1.1). For the other outcomes, the association was in the opposite direction (Table 3-4) and all estimates had extremely wide confidence intervals, reflecting considerable uncertainty. In addition, there was no evidence of an interaction between cigarette prices and bans for any outcome (eTable 6; http://links.lww.com/ EDE/B254).
DISCUSSION
In a large cohort of US adults, a $1 increase in cigarette price was associated with an increase in smoking cessation, as well as a reduction in current smoking, heavy smoking, and the average number of cigarettes smoked per day by heavy baseline smokers. There were no clear associations of bar and restaurant smoking bans with smoking behavior changes, and confidence intervals were wide. We found no evidence of 261 (57) 303 (57) 317 (60) 293 (61) (10) 49 (9) 58 (11) 51 (10) 36 (10) California 84 (18) 103 (19) 102 (19) 86 (18) 49 (14) a Only participants who lived within a 3-mile radius of a store in the Information Resources Inc. Academic Dataset were included in the analytic sample for each exam year. Other inclusion criteria included reporting being a current smoker during at least one exam and complete data on main outcomes, exposures, and covariates.
b Income adjusted for inflation to 2010 US dollars. c Quitting defined as being a nonsmoker at the current exam and a current smoker at the previous exam. d Relapse defined as being a current smoker at the current exam and a former smoker at the previous exam. Participants were considered exposed smoking ban policies if they lived in a census block group within a state, county, or locality with legislation prohibiting smoking in all bars and restaurants without exceptions ("100% bar/restaurant bans"). Exposure was lagged by 1 year to ensure that smoking ban legislation preceded smoking outcome ascertainment.
interactions between cigarette prices and bar/restaurant smoking ban policies on smoking outcomes.
Contributions of our study include the high spatial and temporal resolution in our data, thus enabling examination of small area price variation as well as within-person changes among the same people over time. In general, our findings corroborate prior work regarding prices and smoking outcomes. Most prior studies have used state-level prices (or taxes) and either individual-level repeat cross-sectional or aggregate timeseries data to examine associations of price with smoking. [5] [6] [7] [8] [9] [10] [11] [12] Our findings are consistent with those reported using less robust data and study designs; namely, that higher cigarette prices are associated with reductions in current smoking 5, [7] [8] [9] [10] [11] [12] 49 and reductions in smoking intensity. [5] [6] [7] [9] [10] [11] 50 If we convert the results of our longitudinal models into price elasticities, the elasticities for current smoking and heavy smoking are −0.14 and −0.34, which fall on the lower end of the range reported by previous studies (−0.1 to −0.6). [5] [6] [7] [8] [10] [11] [12] 49 Only two longitudinal studies have previously examined the association of cigarette prices with smoking relapse. 51, 52 Those studies found higher prices were negatively associated with relapse, in contrast to our findings.
Our findings regarding the independent associations of cigarette prices and smoking bans in hospitality venues differ from a recent study by Vuolo et al 53 (2016) where data from the National Longitudinal Survey of Youth (NLSY), a longitudinal cohort of young adults (19-31 years of age) in the United States, were linked to excise taxes and smoking ban policies. In that study, taxes were negatively associated with heavy smoking but not current smoking, while we found negative associations between cigarette prices and both outcomes, although the association with heavy smoking was stronger. In the NLSY, smoking bans were negatively associated with current smoking (but not heavy smoking) while our study found no impact of bans on within-person change in smoking outcomes. The lack of hospitality ban associations in our study may be explained by differences in the age distributions of the study populations. Young adults frequent bars and restaurants more than older adults (MESA population 44-94 of age), 54 leading to a higher level of exposure to bar/restaurant smoking bans. In addition, smoking behavior is likely more stable among older populations. Prior studies have found that older adults have lower rates of smoking behavior changes such as cessation and relapse compared with younger adults. [55] [56] [57] Thus, changes to norms brought about by smoking bans may have less of an influence on older smokers than the economic pressures of cigarette price increases. It is also possible that smoking bans operate primarily through changing cultural norms related to smoking rather than through individual exposure. If this is the case, the stable unit-treatment value assumption (that individuals' outcomes depend only upon their own exposure) 58 may be violated, which is also a possible explanation for the null result. Finally, the relatively small number of participants with changes in both smoking ban exposure and smoking outcomes limited our power to detect associations and likely contributed to the imprecision of results. Risk ratios were estimated using fixed-effects Poisson models with robust variance estimates only including participants with a change in the outcome over the follow-up period. Secular time trend was adjusted for by including a term for time since baseline (in years) in all models, and a quadratic term (time-squared) for quitting and relapse. We also adjusted for time-varying income, marital status, employment status, current alcohol use, and time-varying neighborhood socioeconomic status. Additional adjustment included a sex × time interaction term in heavy smoking models and a race × time interaction in smoking cessation models; see Methods.
b Smoking ban exposure was lagged by 1 year to establish temporality by ensuring that policy implementation preceded outcome measurement. Estimated using linear regression with subject fixed effects. Models adjusted for time since baseline (years) and time-varying income, marital status, employment status, current alcohol use, and neighborhood socioeconomic status. Model includes all participants who smoked at some point during the follow-up period. Smoking intensity coded as 0 at exams where these participants reported not being current smokers.
b Smoking intensity (the number of cigarettes smoked per day by participants who ever reported smoking during follow-up) was natural log-transformed due to a skewed distribution. Baseline smoking level (heavy vs. light) was based on each participant's self-reported smoking intensity at their first exam included in the analysis. c Exponentiated coefficient from fixed-effects model indicates the ratio of geometric means, interpreted as the percent reduction in the mean number of cigarettes per day associated with a $1 increase in cigarette price. For example, a $1 cigarette pack price increase was associated with a 19% reduction in the mean number of cigarettes smoked per day among all smokers.
As tobacco control strategies are often multifaceted, it is important to identify whether policies have a synergistic effect to anticipate impact and inform future policy directions. Few studies have examined interactions between cigarette prices and smoking bans, limiting opportunities for comparison with our results. Using the previously described young adult sample, Vuolo et al 53 (2016) found that cigarette excise taxes were negatively associated with current smoking only in cities "without" bar/restaurant smoking bans. In our older adults' sample, we found no interaction for any outcome. Our results suggest that price is an important determinant of smoking behavior in this population, but the presence or absence of a smoking ban does not influence this association.
Strengths of this study include the longitudinal study design that enabled examination of within-person behavior change, a long follow-up period (10 years), a diverse sample with detailed covariate information including neighborhood SES, and the use of actual prices from stores geographically proximal to participants (rather than state average prices/taxes). However, this study had several limitations. First, the price dataset included only chain grocery and drug store prices. We were unable to include prices from other venues where people buy cigarettes including convenience stores or gas stations. However, prior research suggests that the difference in price between convenience stores and large chain stores is likely to be small. 15 Second, small sample size may have limited our power to detect interactions between cigarette prices and smoking ban exposures. Third, it is possible that selection bias may have influenced results, as participants with less education and lower income were more likely to be lost to follow-up, and these individuals are more likely to smoke and to live in areas with lower cigarette prices. Fourth, smoking outcomes were based on self-report that might have led to underreporting due to recall and social desirability biases. However, prior validation work in MESA has indicated that self-reported smoking is a reliable measure consistent with serum and urinary cotinine concentrations. 54 Fifth, smoking was relatively uncommon in MESA given the study enrolled older adults who were free of cardiovascular disease (baseline smoking prevalence was 11% compared with 17% among 45-64-year-olds and 8% of individuals 65 years old or older in a representative survey of the US population). 2 This limited the number of participants with changes to smoking outcomes over follow-up. Sixth, as the fixed-effects models for binary outcomes only include individuals with changes in exposure and outcome, results may not generalize to all individuals. While fixed-effects models reduce bias by controlling for all time-invariant characteristics, including those not measured, an important limitation of these models is loss of precision due to the reduction in sample size of including only participants with within-person change. 59 Finally, prior research suggests that stricter tobacco policies may be more likely to be passed in areas with lower smoking rates, 60 leading to concerns about reverse causation. However, this is less of a concern with individual-level data, as an individuals' decision to smoke is unlikely to influence policymakers' decisions to enact tobacco control policies in a given area.
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CONCLUSIONS
Among older US adults, cigarette price increases over time were associated with reduced risk of current smoking and heavy smoking, a reduction in the number of cigarettes smoked per day by heavy baseline smokers, and an increase in smoking cessation. While both smoking bans and cigarette excise taxes are increasingly common tobacco control tools, we found no evidence that smoking bans influenced behavior change in this population, or that the two policies had a synergistic effect. Results reinforce the importance of higher prices as a smoking deterrent among older adults.
